Cucumber mosaic virus (CMV) and zucchini yellow mosaic virus (ZYMV) simultaneously inoculated on cucumber plants caused severer symptoms than those produced by CMV single infection, whilst weakened the symptoms caused by ZYMV. Determination of CMV concen tration by infectivity assay indicated that concentration of CMV in doubly infected plants was higher than those in singly infected plants. On the contrary, ZYMV concentration significantly decreased after mixed infection as determined by enzyme-linked immunosorbent assay. Yields of CMV obtained by sucrose density gradient centrifugation from doubly in fected cucumber plants were distinctly higher than those from singly infected ones about 3 weeks after inoculation.
Introduction
In Japan, cucumber plants in fields are commonly infected with cucumber mosaic virus (CMV) or zucchini yellow mosaic virus (ZYMV), and sometimes with both vi ruses25). It was found that CMV and ZYMV, when experimentally doubly inoculated on cucumber, caused severer symptoms than those induced by CMV single infection, and concentration of CMV in doubly infected plants was higher than those infected by CMV alone18). These synergistic multiplications by two unrelated plant viruses have also been reported in other plant virus combinations1, 2, 8, 9, 11) . This paper aims at characterizing the enhancement of CMV multiplication by ZYMV in doubly infected cucumber plants. A part of this work has been reported elsewhere17).
Materials and Methods
Viruses and plants.
In the present study, an isolate of CMV-pepo21) was used throughout the experiments, and ZYMV used was an isolate originally designated WMV -222) and further characterized to be ZYMV23). CMV and ZYMV were maintained in tobacco (Nicotiana tabacum cv. Xanthi) and cucumber (Cucumis sativus cv. Sagami-han -jiro), respectively.
Cucumber seedlings at cotyledonous stage were potted singly and used for systemic infection, and cowpea (Vigna sesquipedalis cv. Kurodane-sanjaku) were used for local lesion assay of CMV concentration.
Inoculations. Leaves were divided into approximately two equal parts discarding the midrib, and one of them was used as a sample. In some experiment, leaves were collected separately according to leaf positions and they were divided as mentioned above. densely accumulated masses of CMV particles in the cytoplasm (Fig. 4) , while only small amount of CMV particles was found in the vacuoles of cells in singly infected leaves. Furthermore, CMV particles in doubly infected leaf cells were frequently associated with cylindrical inclusions induced by ZYMV infection (Fig. 5 ).
Protoplast determination for virus infected cells
Percentage of virus infected cells increased along with the time after inoculation in both singly and doubly infected leaves ( Table 2 ). The decrease in percentages of in fected cells observed in leaves 10-15 days after inoculation might be due to the inherent difficulty of protoplast isolation from older leaves. As shown in Table 2, percentages of CMV infected cells in singly infected leaves were not different from those in doubly a) Infected protoplasts were detected by FITC-conjugated antiserum for CMV (As-C), ZYMV (As-Z), and CMV+ZYMV (As-C+Z). b) Percentages of CMV infected protoplast prepared from the first leaf were derived from Expt. 1 in Table 2 . c) Numbers in parentheses were calculated percentages of protoplasts infected with CMV alone (As-C), ZYMV alone (As-Z), and CMV+ZYMV (As-C+Z) in doubly infected leaves.
infected leaves at the early stage of infection (experiment 1 at 4 days, experiment 2 at 6 and 7 days after inoculation).
At the later stage, however, doubly infected leaves had higher percentages of CMV infected cells than those of singly infected leaves (experi ment 1 at 7-15 days, experiment 2 at 10 days after inoculation).
Similar result was also obtained with the second leaves, although percentages of CMV infected cells were lower than those in the first leaves (Table 4 ). The protoplasts isolated both from singly and doubly infected leaves were then adjusted to give 20% CMV infected cells prior to the assay for CMV infectivity on cowpea leaves. The lesions obtained were relatively high in the protoplasts isolated from doubly infected leaves (Table 3) . The results clearly indicated that high concentration of CMV in doubly infected leaves is due to increased quantity of CMV in individual cells, and also to the increase in proportion of CMV in fected cells.
Frequency of singly and doubly infected cells were determined using FITC-conjugated antiserum of both viruses for detection.
The percentages of singly and doubly infected cells were calculated following Otsuki and Takebe16). The result ( Mixed infections in some other plant virus combinations gave results different from our observations. For instance, the combination of cowpea chlorotic mottle virus (CCMV) and southern bean mosaic virus (SBMV)11), or turnip mosaic virus (TuMV) and cauliflower mosaic virus (CaMV)9), the synthesis of challenging virus was signif icantly inhibited if the primary virus had established, and was in the phase of rapid synthesis. Additionally, neither virus became dominant in doubly infected plants. Mixed infection of barley with tobacco mosaic virus (TMV) and barley stripe mosaic virus (BSMV), or TMV and bromegrass mosaic virus (BMV)8) provided another type of in teraction.
TMV infection was enhanced by BSMV or BMV so that TMV was able to spread over the whole barley plants. The mixed infection of potato virus X (PVX) and potato virus Y (PVY) in tobacco plant4,6,7) resulted in the enhancement of PVX without alteration of PVY concentration19).
It was also shown that the enhancement occurred in cells invaded by the two viruses6), and critically depended on the timing of invasion by the viruses7). The result of mixed inoculation of soybean plant with bean pod mot tle virus (BPMV) and soybean mosaic virus (SMV)2) was also differrent from ours in that SMV concentration in doubly infected plants was not affected. It can be seen, therefore, that mixed infections by unrelated viruses may result in the alteration of the symptoms, but the events occurring in the host cells or tissues, e. g., changes in concentration of the virus, may differ from one combination to the others.
Consequently, it is rather difficult to extend observations made in one combina tion to the very different systems. We have preliminary conducted another series of investigation with combinations of CMV and viruses of potyvirus group such as water melon mosaic virus (WMV-2), TuMV, and PVY. 
